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(57) ABSTRACT 

According to one embodiment, a light-emission control 
device controls light emission of light sources of a light 
emitter including a plurality of light source areas each corre 
sponding to one of the light sources, and includes a light 
Value calculator, a light-value modifying module, and a light 
controller. The light-value calculator calculates a light value 
for each of the light Source areas. The light source areas 
include a target area for which a light value is to be modified 
and Surrounding areas Surrounding the target area. The light 
value modifying module modifies a light value calculated for 
the target area using light values for the Surrounding areas. 
The light controller lights a light Source in the target area 
based on the modified light value. 

11 Claims, 9 Drawing Sheets 
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1. 

LIGHTEMISSION CONTROL DEVICE AND 
LIQUID-CRYSTAL DISPLAY APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is based upon and claims the benefit of 
priority from Japanese Patent Application No. 2008-136875, 
filed May 26, 2008, the entire contents of which are incorpo 
rated herein by reference. 

BACKGROUND 

1. Field 
One embodiment of the invention relates to a light-emis 

sion control device that controls light emission of a light 
emitter, and a liquid-crystal display apparatus with the light 
emission control device. 

2. Description of the Related Art 
Currently available televisions, personal computers, 

mobile phones, etc. are generally equipped with a liquid 
crystal display apparatus that displays images. Such a liquid 
crystal display apparatus includes a liquid crystal panel, 
which by itself does not emit light but is illuminated by a light 
emitter, Such as a backlight, located behind it. 
Some conventional liquid-crystal display apparatuses with 

backlight are configured with a view to reducing power con 
Sumption. In Such a configuration, the display Screen is asso 
ciated with light sources that constitute the backlight and 
divided into a plurality of areas (Screen areas), and the light 
Sources are controlled area by area. 
Among this type of liquid-crystal display apparatuses is the 

one disclosed in Japanese Patent Application Publication 
(KOKAI) No. 2004-191490. This liquid-crystal display 
apparatus calculates the maximum luminance of each screen 
area based on input video signal, and causes the light Source 
in each screen area to emit light based on the maximum 
luminance, and corrects luminance information Supplied to a 
liquid crystal panel. 

In a liquid-crystal display apparatus that controls the light 
Sources area by area, a light value at which each light Source 
is lit and the transmittance of each liquid crystal element 
forming the liquid crystal panel are correlated to control the 
luminance of the liquid crystal panel to a desired value. 

However, even if the light value at which each light source 
is lit and the transmittance of each liquid crystal element of 
the liquid-crystal panel are correlated, a video image with 
sharp brightness variation (e.g., a video image which is pre 
dominantly dark with a small area of light) cannot be dis 
played with appropriate luminance, or the displayed video 
image may flicker. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

A general architecture that implements the various features 
of the invention will now be described with reference to the 
drawings. The drawings and the associated descriptions are 
provided to illustrate embodiments of the invention and not to 
limit the scope of the invention. 

FIG. 1 is an exemplary exploded perspective view of a 
liquid-crystal display apparatus according to an embodiment 
of the invention; 

FIG. 2 is an exemplary perspective view of a light source 
area and a light source in the embodiment; 
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2 
FIG. 3 is an exemplary block diagram of a backlight con 

troller together with a backlight and a liquid crystal panel in 
the embodiment; 

FIG. 4 is an exemplary block diagram of a light-value 
modifying module in the embodiment; 

FIG. 5 is an exemplary Schematic diagram illustrating the 
operation of the light-value modifying module in the embodi 
ment; 

FIG. 6 is an exemplary graph comparing the luminance of 
the liquid crystal panel in 100% (full) white display mode 
between when filter is OFF and after filtering is performed by 
a second spatial filter in the embodiment; 

FIG. 7 is an exemplary graph comparing the luminance of 
the liquid crystal panel in 1% white display mode when 
selective switching is performed between a first spatial filter 
and the second spatial filter in the embodiment; 

FIG. 8 is an exemplary graph comparing the luminance of 
the liquid crystal panel in 100% white display mode when 
selective switching is performed between the first spatial filter 
and the second spatial filter in the embodiment; and 

FIG.9 is an exemplary schematic diagram of a video image 
containing a black portion and a white portion in equal mea 
sure in the embodiment. 

DETAILED DESCRIPTION 

Various embodiments according to the invention will be 
described hereinafter with reference to the accompanying 
drawings. In general, according to one embodiment of the 
invention, a light-emission control device controls light emis 
sion of a plurality of light Sources of a light emitter that 
illuminates a liquid crystal panel and that includes a plurality 
of light source areas in each of which is arranged one of the 
light sources. The light-emission control device includes: a 
light-value calculator configured to calculate a light value of 
each of the light Sources for each of the light Source areas; a 
light-value modifying module configured to modify a light 
value calculated by the light-value calculator for a target area 
to a modified light value using light values for Surrounding 
areas, the target area being one of the light source areas for 
which a light value is to be modified, and the Surrounding 
areas being light source areas around the target area; and a 
light controller configured to light a light source in the target 
area based on the modified light value. 

According to another embodiment, a liquid-crystal display 
apparatus includes a liquid crystal panel, a light emitter that 
includes a plurality of light source areas in each of which is 
arranged one of a plurality of light sources for illuminating 
the liquid crystal panel, and a light-emission control device 
that controls light emission of the light sources. The liquid 
crystal display apparatus further includes: a light-value cal 
culator configured to calculate a light value of each of the 
light sources for each of the light source areas; a light-value 
modifying module configured to modify a light value calcu 
lated by the light-value calculator for a target area to a modi 
fied light value using light values for Surrounding areas, the 
target area being one of the light Source areas for which a light 
value is to be modified, and the Surrounding areas being light 
Source areas around the target area; and a light controller 
configured to light a light source in the target area based on the 
modified light value. 
A configuration of a liquid-crystal display apparatus 100 

according to an embodiment of the invention is explained 
below with reference to FIGS. 1 and 2. FIG. 1 is an exploded 
perspective view of the liquid-crystal display apparatus 100. 
FIG. 2 is a perspective view of a light source area and a light 
SOUC. 
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The liquid-crystal display apparatus 100, used in a liquid 
crystal television, etc., includes a backlight 140 and a liquid 
crystal panel 150 as illustrated in FIG. 1. 
The backlight 140 that functions as a light emitter and 

includes a light emitter 141, a prism sheet 143 disposed in 
front of the light emitter 141, and a pair of diffusion plates 142 
and 144 with the prism sheet 143 in between them. 
The light emitter 141 is in the form of a panel having a 

plurality of light source areas 145 arranged regularly in a 
matrix of M rows and N columns. In FIG. 1, the light source 
areas 145 of the light emitter 141 are arranged in a matrix of 
for example, five rows and eight columns. 
As can be seen from FIG. 2, each of the light source areas 

145 is enclosed on four sides by partition walls 146 that 
extend in the direction of the diffusion plate 142. 

Each of the light source area 145 includes a light source 
148 formed of light emitting devices (LEDs) 161 to 163 
corresponding to the three primary colors of red, green, and 
blue (RGB), respectively. The light source 148 emits a mixed 
light of red, green, and blue from the red LED 161, the green 
LED 162, and the blue LED 163, respectively, toward the 
front (i.e., toward the liquid crystal panel 150). The back 
surface of the liquid crystal panel 150 is illuminated by the 
light emitted from the light source areas 145, and the trans 
mittance thereof is adjusted to display an image. 
The liquid-crystal display apparatus 100 is of direct back 

light type in which the entire surface of the backlight 140 
emits light from the light sources 148 of the light source areas 
145, thereby illuminating the liquid crystal panel 150 from 
the back. 

The liquid crystal panel 150 includes a pair of polarizing 
plates 155 and 157, and a liquid crystal cell 156 disposed 
between the polarizing plates 155 and 157. 
A backlight controller 200 is explained below with refer 

ence to FIG. 3. FIG. 3 is a block diagram of the backlight 
controller 200 together with the backlight 140 and the liquid 
crystal panel 150. 

In addition to the backlight 140 and the liquid crystal panel 
150, the backlight controller 200 is provided to the liquid 
crystal display apparatus 100. The backlight controller 200 
functions as a light-emission control device that controls the 
light emitted by the light sources 148 of the backlight 140. 
The backlight controller 200 includes a frame memory 

101, an input-signal corrector 102, a light-value calculator 
103, a light-value modifying module 104, a light controller 
105, and a liquid crystal controller 106. 
The backlight controller 200 receives a video signal Vg 

required for displaying a video image on the liquid crystal 
panel 150. 

In the backlight controller 200, the video signal Vg is 
supplied to the frame memory 101 and the light-value calcu 
lator 103. The frame memory 101 stores therein the video 
signal Vg for every frame. The input-signal corrector 102 
corrects a video signal Vgt read from the frame memory 101 
based on a modified light value Ld modified by the light-value 
modifying module 104, described later, and outputs it to the 
liquid crystal controller 106. When correcting the video sig 
nal Vgt read from the frame memory 101, the input-signal 
corrector 102 establishes a correlation between the video 
signal Vigt and the modified light value Ld. The liquid crystal 
controller 106 controls the transmittance of the liquid crystal 
panel 150 based on the corrected video signalVgt. The back 
light controller 200 appropriately matches the timing of dis 
playing an image by the liquid crystal panel 150 with the 
timing of turning on the light sources 148. 

The light-value calculator 103 calculates, based on the 
video signal Vg, a light value Ld0 of the light source 148 in 
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4 
each of the light source areas 145, and the light-value modi 
fying module 104 modifies the light value Ld0 to the modified 
light value Ld. The light controller 105 lights the light source 
148 in each of the light source areas 145 based on the modi 
fied light value Ld to emit light from the backlight 140. 
A configuration of the light-value modifying module 104 is 

explained below with reference to FIG. 4. FIG. 4 is a block 
diagram of the light-value modifying module 104. The light 
value modifying module 104 includes a light-value reader 
109, a spatial filter 110, a comparator 113, and a light-value 
setting module 114. Each of the constituent modules is 
described below with the operation of the light-value modi 
fying module 104. 
The operation of the backlight controller 200 configured as 

above is described below with reference to FIGS. 5 to 8 with 
particular reference to the operation of the light-value modi 
fying module 104. 
The light-value reader 109 reads the light value Ld0 of the 

light source 148 in each of the light source areas 145 calcu 
lated by the light-value calculator 103. The light value Ld0 
read by the light-value reader 109, referred to as “read light 
value La’, is input to the spatial filter 110. 
The spatial filter 110 includes a first spatial filter 111 and a 

second spatial filter 112. Both the first spatial filter 111 and 
the second spatial filter 112 perform spatial filtering on the 
read light value La of the light source area 145 for which 
light-value modification is to be performed (target area), and 
on the read light value La of the light source areas 145 sur 
rounding the target area (Surrounding areas). The first spatial 
filter 111 and the second spatial filter 112 perform spatial 
filtering based on predetermined modification parameters, 
and output filtered light values Lb1 and Lb2, respectively. 
Upon receipt of the filtered light values Lb1 and Lb2, the 

comparator 113 compares the light values La of the target area 
and the surrounding areas with the filtered light values Lb1 
and Lb2 and, based on the comparison result, outputs a set 
light value Lc, described later. The set light value Lc is input 
to the light-value setting module 114. 
The light-value setting module 114 sets the modified light 

value Ld based on the set light value Lc and outputs the 
modified light value Ld to the light controller 105. Although 
the spatial filter 110 is described as, for example, having two 
spatial filters (the first spatial filter 111 and the second spatial 
filter 112) it can have three or more spatial filters. 
The operation of the spatial filter 110 is explained in detail 

below with reference to FIG. 5. As illustrated in FIG. 5, 
among M rows and N columns of the light source areas 145, 
i.e., the MXN light source areas 145 forming the backlight 
140, the light source area 145 at a position mn is taken as a 
target area 123. The target area 123 is surrounded by eight 
light source areas 145 as Surrounding areas 120a. The spatial 
filter 110 performs spatial filtering on the read light value La 
of the target area 123 and the read light value La of the eight 
Surrounding areas 120a. In the present embodiment, the tar 
get area 123 and the eight Surrounding areas 120a are collec 
tively referred to as a filter area 120. 
When no filtering is performed by the spatial filter 110, the 

light value of the target area 123 remains unchanged at again 
of 1.0. 
The first spatial filter 111 is described first. To obtain again 

of 1.0, the first spatial filter 111 sets an input light value (the 
readlight value La of the target area 123) to /2 and adds /16 of 
the read light value La of the surrounding areas 120a to the 
input light value. By doing so, the first spatial filter 111 
ensures a light value of the same magnitude as that of the 
target area 123 using the light value of the entire filter area 
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120. The first spatial filter 111 performs filtering by modify 
ing the light value according to modification parameters 121 
of FIG.S. 
Due to limitations in the light intensity of the light source 

148, when a video image is displayed in which a specific 
portion is particularly bright, it may not be possible to 
brighten the specific portion to the desired level by the light 
from the light source area 145 corresponding thereto. The first 
spatial filter 111 of the light-value modifying module 104 
modifies the light value by filtering so that the light sources 
148 of the surrounding areas 120a light more brightly to 
compensate for the shortage of light intensity. 
The first spatial filter 111 modifies the light value using 

Equation (1) as follows: 

where A is the modification parameter of the target area 123 
and B is the modification parameter of the Surrounding areas 
120a. 

Because the gain of the first spatial filter 111 is 1.0, the light 
energy of the entire filter area 120 remains the same for all 
Video images. In other words, the brightness and the power 
consumption remain the same as before filtering. 

For example, in a video image in which a white ball is 
moving horizontally against the black background, the light 
sources 148 of the light source areas 145 sequentially turn on 
and off as the ball moves. This turning on/off of the light 
sources 148 causes the video image to flicker. However, fil 
tering with the first spatial filter 111 suppresses abrupt 
changes in brightness, thereby achieving a smooth change of 
luminance. Thus, it is possible to enhance the dynamic char 
acteristics of the video display and reduce flicker. 

However, if the surrounding areas 120a used for compen 
sating for insufficient brightness are dark, desired brightness 
cannot beachieved by addition of/16 of the light values of the 
Surrounding areas 120a. If luminance is measured partly, 
luminance may decrease by filtering with the first spatial filter 
111. For this reason, the light-value modifying module 104 is 
provided with the second spatial filter 112. 

Modification parameters 122 for the second spatial filter 
112 are set to achieve again of 1.5. The second spatial filter 
112 uses the same Equation (1) given above. The second 
spatial filter 112 differs from the first spatial filter 111 in that 
the light value of the target area 123 remains unchanged. 

Because the gain of the second spatial filter 112 is 1.5, the 
brightness of the filter area 120 increases compared to the 
light value before filtering. Therefore, more power is con 
sumed due to filtering by the second spatial filter 112. This is 
explained with reference to FIG. 6. 

FIG. 6 is a graph comparing the luminance of the liquid 
crystal panel 150 in 100% (full) white display mode (a full 
white screen) between when no filtering is performed (when 
filter is OFF) and after filtering is performed by the second 
spatial filter 112. The vertical axis represents the luminance of 
the liquid crystal panel 150, and the horizontal axis represents 
the input video signal. It can be seen from FIG. 6 that the 
overall brightness increases when filtering is performed by 
the second spatial filter 112. Meanwhile, it can also be seen 
from FIG. 6 that saturation of luminance is reached when 
input video signals exceed 200. This indicates unnecessary 
increase in brightness and wasteful power consumption. 
As described above, if filtering is performed by only the 

first spatial filter 111 with a gain of 1.0, it is possible to 
achieve a Smooth change of Surrounding luminance without 
increasing power consumption, and thus to enhance the 
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6 
dynamic characteristics as well as to reduce flicker in a video 
image with sharp brightness variation. In this case, however, 
the overall luminance may decrease. 
On the other hand, if filtering is performed by only the 

second spatial filter 112 with again of 1.5, the luminance can 
be increased; however, power is wastefully consumed when 
filtering is always performed with again of 1.5. 

Therefore, the light-value modifying module 104 is pro 
vided with the first spatial filter 111 and the second spatial 
filter 112, and selectively switches between the two. Conse 
quently, luminance shortage can be eliminated without waste 
ful power consumption. 

FIGS. 7 and 8 are graphs like that of FIG. 6 when filtering 
is performed by both the first spatial filter 111 and the second 
spatial filter 112 while selective switching is performed 
between the two. FIG. 7 is a graph comparing the luminance 
of the liquid crystal panel 150 in 1% white display mode (1% 
of the screen area displays a white portion), while FIG. 8 is a 
graph comparing the luminance of the liquid crystal panel 
150 in 100% white display mode. 

Although a description is given of selective Switching of 
two filters, i.e., the first spatial filter 111 and the second spatial 
filter 112, in connection with FIGS. 7 and 8 by way of 
example, such selective Switching can be performed among 
more than two filters. 
An example of procedure for selecting one of the first 

spatial filter 111 and the second spatial filter 112 is explained 
below. 
The comparator 113 compares the readlight value La of the 

filter area 120 and the filtered light value Lb1 modified by 
filtering by the first spatial filter 111. If the filtered light value 
Lb1 is lower than the read light value La, the comparator 113 
selects the second spatial filter 112 because the luminance 
will decrease by filtering. In other words, the comparator 113 
sets the set light value Lc based on the filtered light value Lb2 
modified by filtering by the second spatial filter 112. 

If the filtered light value Lb1 is equal to or more than the 
readlight value La, the comparator 113 selects the first spatial 
filter 111. 
When, as illustrated in FIG. 7, display of a white portion 

occupies around 1% of the screen area, filtering with only the 
first spatial filter 111 generally decreases the luminance, thus 
causing luminance shortage. As a result, the white portion is 
displayed darker than before filtering. 

However, by switching from the first spatial filter 111 to the 
second spatial filter 112, the luminance can be increased to a 
higher level than before filtering. Thus, the video image can 
be displayed at a desired luminance, with the white portion 
appearing even whiter. Further, in a video image as illustrated 
in FIG. 9 containing a black portion 171 and a white portion 
172 of substantially the same size, a border area 173 between 
the black portion 171 and the white portion 172 is displayed 
with sharpness and clarity at a desired luminance. 
When the entire screen is white, by filter switching, the 

luminance change is similar to that when filtering is per 
formed by the first spatial filter 111 or when no filtering is 
performed. Thus, wasteful power consumption can be 
avoided. 

While certain embodiments of the inventions have been 
described, these embodiments have been presented by way of 
example only, and are not intended to limit the scope of the 
inventions. Indeed, the novel methods and systems described 
herein may be embodied in a variety of other forms; further 
more, various omissions, Substitutions and changes in the 
form of the methods and systems described herein may be 
made without departing from the spirit of the inventions. The 
accompanying claims and their equivalents are intended to 
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cover such forms or modifications as would fall within the 
Scope and spirit of the inventions. 
What is claimed is: 
1. A light-emission control device that controls light emis 

sion of a plurality of light sources of a light emitter that 
illuminates a liquid crystal panel, the light emitter including a 
plurality of light Source areas in each of which is arranged one 
of the light sources, the light-emission control device com 
prising: 

a light-value calculator configured to calculate a light value 
of each of the light sources for each of the light source 
areas, 

a light-value modifying module configured to modify a 
light value calculated by the light-value calculator for a 
target area to a modified light value using light values for 
Surrounding areas, the target area being one of the light 
source areas for which a light value is to be modified, and 
the Surrounding areas being light source areas around 
the target area; and 

a light controller configured to light a light Source in the 
target area based on the modified light value, 

wherein the light-value modifying module includes a light 
value reader configured to read the light value calculated 
by the light-value calculator for each of the light source 
areas, a filter configured to perform filtering on light 
values for the target area and the Surrounding areas read 
as a read light value by the light-value reader to output a 
filtered light value, a comparator configured to compare 
the read light value and the filtered light value output 
from the filter, and a light-value setting module config 
ured to set the modified light value based on a compari 
son result of the comparator. 

2. The light-emission control device according to claim 1, 
wherein the comparator outputs a larger one of the read light 
value and the filtered light value to the light-value setting 
module. 

3. The light-emission control device according to claim 2, 
wherein the filter includes a plurality of spatial filters with 
different gains to perform filtering on the readlight value, and 
outputs filtered light values obtained by filtering with the 
spatial filters. 

4. The light-emission control device according to claim 3, 
wherein the comparator selects any one of the spatial filters, 
and compares the read light value and a filtered light value 
obtained by filtering with the selected spatial filter. 

5. The light-emission control device according to claim 3, 
wherein 

the spatial filters includes a first spatial filter having again 
characteristic of 1.0, and a second spatial filter having a 
gain characteristic of more than 1.0, 

the comparator outputs, when a first filtered light value 
obtained by filtering with the first spatial filter is equal to 
or more than the read light value, the first filtered light 
value to the light-value setting module, and 

the comparator outputs, when the first filtered light value is 
less than the readlight value, a second filtered light value 
obtained by filtering with the second spatial filter to the 
light-value setting module. 

6. The light-emission control device according to claim 1, 
further comprising: 

a storage module configured to store therein an input video 
signal for each frame; 

a corrector configured to correct the video signal stored in 
the storage module based on the modified light value and 
outputs a corrected video signal; and 

a liquid-crystal controller configured to control the liquid 
crystal panel based on the corrected video signal. 
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8 
7. A liquid-crystal display apparatus including a liquid 

crystal panel, a light emitter that includes a plurality of light 
Source areas in each of which is arranged one of a plurality of 
light sources for illuminating the liquid crystal panel, and a 
light-emission control device that controls light emission of 
the light sources, the liquid-crystal display apparatus com 
prising: 

a light-value calculator configured to calculate a light value 
of each of the light sources for each of the light source 
areas, 

a light-value modifying module configured to modify a 
light value calculated by the light-value calculator for a 
target area to a modified light value using light values for 
Surrounding areas, the target area being one of the light 
source areas for which a light value is to be modified, and 
the Surrounding areas being light source areas around 
the target area; and 

a light controller configured to light a light Source in the 
target area based on the modified light value, 

wherein, the light-value modifying module includes a 
light-value reader configured to read the light value cal 
culated by the light-value calculator for each of the light 
Source areas, a filter configured to perform filtering on 
light values for the target area and the Surrounding areas 
read as a read light value by the light-value reader to 
output a filtered light value, a comparator configured to 
compare the read light value and the filtered light value 
output from the filter, and a light-value setting module 
configured to set the modified light value based on a 
comparison result of the comparator. 

8. A device that controls light emission from a light source 
of a light emitter that partially illuminates a liquid crystal 
panel, the light emitter including a plurality of light Source 
areas each including a light source, the device comprising: 

a light-value modifying module configured to modify a 
light value for a target area to a modified light value 
using light values for Surrounding areas, the target area 
being one of the plurality of light source areas for which 
a light value is to be modified, and the Surrounding areas 
being light source areas around the target area; and 

a light controller configured to illuminate a light Source in 
the target area based on the modified light value, 

wherein the light-value modifying module includes a light 
value reader configured to read the light value for the 
plurality of light source areas and output a read light 
value, a filter configured to perform filtering on light 
values for the target area and the Surrounding areas 
received from the light-value reader and output a filtered 
light value, a comparator configured to compare the read 
light value and the filtered light value output from the 
filter, and a light-value setting module configured to set 
the modified light value based on a comparison result of 
the comparator. 

9. The device according to claim 8 further comprising: 
a light-value calculator coupled to the light-value modify 

ing module, the light-value calculator to calculate light 
values for each light source in the plurality of light 
Source areas based on an input video signal. 

10. The device according to claim 8 further comprising: 
a frame memory to store the input video signal. 
11. The device according to claim 10 further comprising: 
an input-signal corrector that corrects the input video sig 

nal from the frame memory based at least in part on the 
modified light value. 


